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Abstract— Early detection of liver cancer increases the sur-
vival rate by 60-70% in five years. As part of CAD develop-
ment for the liver, two automatic seed selection techniques (for 
automatic liver segmentation using region growing technique) 
are compared, using the calculation of Mean Squared Error 
(MSE) to analyze which one has the lowest error when com-
pared with manual segmentation. Was used 2631 liver com-
puter tomography slices, the first step is make the pre-process 
of these slices with the windowing and then, is applied a mean 
filter with the gamma transformation. The first technique 
defines the Seed Launch on Elliptical Area (SLEA) for find the 
seed point, and the second technique defines the Seed Launch 
into Square Area (SLSA) for find the seed point. And the seed 
points that were found with each one of these techniques are 
used to perform the liver segmentation with the region grow-
ing algorithm, and from the liver segmented is performed the 
entire exam volume and the MSE calculation for each tech-
nique, and these results compared with the manual segmenta-
tion. The average liver volume measured manually was of 
1,388.41 cm3, and with SLEA technique the average liver vol-
ume measured automatically was of 1.663,59 cm3 and the 
average MSE was of 68.69±96.35 cm3, and for the SLSA tech-
nique the average liver volume measured automatically was of 
1,661.43 cm3 and the average MSE was of 193.16±286.84 cm3. 
The smallest MSE SLEA was of 2.035 cm3 and the bigger was 
of 391.815 cm3, and for the SLSA the smallest MSE was of 
2.122 cm3 and the bigger was of 1,110.824 cm3. Thus was ob-
served that both techniques have the average volume similar, 
but the SLEA technique has the smallest values and averages 
of the MSE. 
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I. INTRODUCTION  

The liver cancer is highly complexity to be diagnosed 
and treated [1]. In patients who had liver cancer detection in 
advanced stages, the survival rate at five years was only 
15%, however when this type of cancer is detected in early 
stages, this survival rate rises to 60-70% in the same period 
[2]. 

The best way to reduce cancer mortality is to perform an 
early detection, in other words, prevention. The Computer 

Tomography (CT) exam of the abdomen is often used for 
analysis of liver lesion, but is required a methodology that is 
more reliable and accurate to assist the radiologist in the 
differentiation of malignant and benign hepatic lesions. [3] 

It is required a good method to do the liver segmentation 
and build reliable and accurate Computer Aided System 
(CAD). In this work is used region growing technique to do 
this liver segmentation, and the choice of the seed point is 
automatic. 

The selection of the seed point, a fundamental process for 
the correct operation of this segmentation technique [4, 5, 
6], is influenced by the amount of structures present in the 
area (with a gray level close to the liver). 

The objective of this work is to compare two techniques 
for the automatic seed selection (square area and elliptical 
area) evaluating the error present in each of them and com-
paring the result of segmentation (volume of the slice and of 
the exam) to the gold standard. 

II. MATERIALS AND METHODS 

From the CT slices of the abdominal region that contain-
ing the liver is realized the windowing CT process, the pre-
process step starts by the applying a mean filter to reduce 
noise and in sequence a power law transformation (gamma) 
is applied in order to improve the contrast of the liver and 
other structures that exist in image.  

After preprocess, is performed a search by seeds points 
using each one of the techniques proposed, and the results 
are stored. 

The result of the seed points search is used as a parame-
ter for the segmentation algorithm (region growing algo-
rithm), where the output is a monochromatic image with 
segmented liver. Being the volume measured in this mono-
chromatic image. 

In the Figure 1 below is shown this process that has been 
described above. 
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Figure 1 – Steps of the automatic liver segmentation. 

 
 The manual segmentation is also done by a specialist, 

and then calculated the volume of this segmentation. These 
segmentation and volume are considered gold standard. 
 
A. Used images 

In developing of this work 2631 CT slices of the ab-
dominal area that had radiological contrast application were 
used, that correspond a sixteen CT exams, which were 
stored in the database of a public hospital in Brazil.  

All slices were obtained from the same CT equipment, 
model Aquilion 64 of the Toshiba Medical Company. 

These slices were on DICOM [7] standard, which has 
size of the [512x512] pixels and stored in 16 bits. 

 
B. Preprocess step 

To have a best results on liver segmentation, is applied 
the windowing process and then power law transformation 
is applied on slice, and for noise reduce is used a mean filter 
[8]. 
 
a) Windowing 

Each slice is submitted to windowing process, and the 
necessary information are read from the DICOM headers 
Window Center – WC (DICOM tag 0028, 1050) [7] and 
Window Size – WS (DICOM tag 0028, 1051) [7]. This is 
done according with Equation 1, below: 

 (1) 

 
Where: 
“Px” is the output pixel value, “Pi” is the input pixel 

value, “WC” is the window center value, and “WS” is 
the window size value. 

 
b) Mean filter with power law transformation 

In the images is applied the mean filter [4] [3x3] size and 
in sequence a power law transformation [4] (Equation 2), 
with gamma factor of 0.5.  

 

Px=C * Pi  

Where: 
 “Px” is the output Pixel value, “C” is a 
constant (in this case C=1), “Pi” is the input 
Pixel value and “ ” is the correction gamma 
factor. 

(2) 

 
C. Automatic seed launch 

The automatic seed launch is done for each slice, the first 
part of the algorithm is the bone selection, removing all 
pixels (defined as background value) with the gray level is 
below to the bone based on Hounsfield Unit (HU) [9], so is 
obtained the coordinated for the bones (ribs) and defined the 
internal area of the abdomen. By the a priori knowledge of 
the region where the liver this, the seed search area is re-
duced to only to the left portion of the slice [10]. 

The two techniques that will be presented in sequence are 
using the coordinates of the bones found to limit the area of 
search seeds, considering only the intra ribs area. 

 
a) Seed launch on squared area 

To define the Seed Launch in Square Area (SLSA), is 
considered only the intra ribs area, a rectangular area is 
defined, considering the left side of the image, counting 60 
pixels (towards the center) from the coordinates of the bone 
more distant of the center of the slice, in four directions 
(right, left, top and bottom). In Figure 2 can be observed an 
example of the area selection for the seed launch (Figure 2a 
original slice, Figure 2b zoom on SLSA and on Figure 3c 
the seed point). 

 

 
(a) 

 
(b) 

 

 
(c)  

Figure 2 – (a) Original Slice; (b) Square area for automatic seed launcher; 
(c) Automatic Selected Seed Point on Square Area. 
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When the area is defined, occurs a search for sets of pix-
els within the SLSA, being limited the search for the liver 
gray level (considering HU [9] value). From the group of 
points found, is calculated the region centroid [11] and then 
is calculated the mean of these pixels values, the result is 
considered as the Seed Point (SP) of SLSA (Figure 2c). 

 
b) Seed launch on elliptical area 

The Seed Launch in Elliptical Area (SLEA) is defined on 
the basis of intra ribs area (defined previously) that was 
automatically determined. Based on this coordinates is de-
fined the ellipse area  location and its size, in Figure 3b has 
an example of an elliptical area defined, in Figure 3a it is 
the entire slice with the elliptical area demarcated and in 
Figure 3c is the seed point of SLEA. 

 

  
 

 
Figure 3 – (a) Original Slice with SLEA, (b) Elliptical Area, and (c) 

Automatic Selected Seed Point on Elliptical Area. 

 
A search for sets of pixels in the SLEA is done, using the 

HU [9] gray scale for liver. From this group of points found, 
is calculated the region centroid [11] and then calculated the 
mean of these pixels values, and the result is considered as 
the Seed Point (SP) of SLEA (Figure 3c). 

 
D. Region growing 

The region growing [4] [10] [12] algorithm do the area 
segmentation, from the seed point, based on grouping simi-
lar pixels (using the gray level) to the seed point. The output 
image is monochromatic and the pixels with values equals 
to one are result of segmentation. 

All images are processed using the two seed launch 
methods. Thus these images are separated into two automat-
ic hepatic segmentation groups, the group 1: images pro-

cessed by using the SLEA techniques; and the group 2: 
images processing by using the SLSA technique. 

 
E. Volume calculation 

The volume calculation is done, considering division of 
the groups and of the exams, using the segmentation output 
image, by adding the pixels with the value equals to one and 
multiplying then by some DICOM tags: Spiral Pitch Factor, 
that represents the space between consecutive slices, and 
Pixel Spacing, that represents the size of pixel in millimeter. 
The equation for volume calculation is showed on Equation 
4, where “Vol” is final volume of the slice,”Sl” is the seg-
mented image of liver, “SPF” is the spiral pitch factor value 
and “PS” is the pixel spacing value. 

 

    (4) 

Thus is obtained the volume in cubic millimeters (mm3), 
for easy comparison with literature the volume is converted 
for cubic centimeter (cm3).  
 
F. Manual segmentation 

To have a comparison standard was requested to a spe-
cialist to perform a manual segmentation of the same set of 
images doing the measure of the volume and the area. 

The open source software ImageJ [13] was used to do the 
manual segmentation. 

 
G. Statistical analysis 

Was used the Mean Squared Error (MSE) [14] for statis-
tical analysis, this calculation is performed according to 
Equation 5. Where “MSE” is the mean squared error of the 
exam, “n” is the total exam slices, “ i” is the automatic 
volume of the slice and Yi is the manual volume of the 
slice. 

 (5) 

This calculation was performed for the segmented imag-
es using the SLEA and SLA techniques. 

III. RESULTS 

Performing the described procedures, a mean volume of 
1,663.59 cm3 was reached using the SLEA and with SLSA 
the mean volume reached was of 1,661.43 cm3, and the 
average liver volume measured manually was of 1,388.41 
cm3. The MSE is showed in Table 1, in the first column is 
observed the exams numeration, in the second column is 
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showed the MSE between manual and SLEA segmentation 
and on third column is showed MSE between manual and 
SLSA segmentation. 

 
Table 1 – MSE of volumes in cubic centimeter (cm3). 

Exams Mean Squared Error (cm3) 

Group 1 (SLEA) Group 2 (SLSA) 
1 17.307  6.387  
2 2.035  2.122  
3 2.955  87.399  
4 10.473  21.742  
5 18.719  105.531  
6 14.327  19.431  
7 55.251  70.669  
8 9.388  14.812  
9 160.165  211.108  

10 86.276  86.706  
11 391.815  511.517  
12 24.174  450.359  
13 70.700  1110.824  
14 39.687  42.199  
15 40.464  40.085  
16 104.0562  122.850  

Mean ± SD 68.699 ± 96.35 193.157 ± 286.84 

IV. DISCUSSION 

Thus was observed that despite the final volume of the 
SLEA and of the SLSA be similar, when was observed 
MSE was not noticed this similarity. 

The smallest MSE was detected for the SLEA (mean of 
68.699 ± 96.35 cm3), with the best result observed on exam 
2 with 2.035 cm3 of error and the worst results was noted on 
exam 11 with 391.815 cm3 of error. And the mean of the 
MSE found for the SLSA was 193.157 ± 286.84 cm3, in this 
case the best result are on the exam 2 with 2.122 cm3 and 
the worst result observed on exam 13 with 1,110.824 cm3. 

Using the seed launch on the elliptical area for region 
growing segmentation was observed the smallest error con-
sidering these results. 

V. CONCLUSIONS  

With the proposed procedure both techniques showed fi-
nal volume similar, comparing the average of all exams, but 
SLEA technique has a smallest error for seed launch.  

Thus it can be conclude that the shape of seed launch re-
gion influence in the region growing segmentation error, 
when it is compared with the manual segmentation. 
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